Background/Objectives: To examine the association between dietary calcium and vitamin D intake and cervical neoplasia risk, we conducted a case-control study. Subjects/Methods: We selected 405 incident cervical neoplasias (333 invasive carcinomas and 72 cervical intraepithelial neoplasias grade III (CIN3)) and 2025 age-matched non-cancer controls. Dietary information was collected using a semiquantitative food-frequency questionnaire (FFQ). The effect on cervical neoplasia risk was evaluated using conditional logistic regression models. Results: The inverse association between invasive carcinoma and milk, yogurt and fish was observed. On the other hand, the marginally significant inverse association between CIN3 and tofu and green leafy vegetables was observed. Compared with the lowest quartile (Q1) of calcium intake, adjusted odds ratios (ORs) for each of the three upper quartiles (Q2, Q3 and Q4) on invasive carcinoma risk were 0.86 (95% confidence interval (CI) 0.63-1.17), 0.50 (95% CI 0.34-0.73) and 0.68 (95% CI 0.48-0.97), respectively (P for trend ¼ 0.004). However, no association between calcium and cancer risk was evident among CIN3 cases (P for trend ¼ 0.528). Vitamin D intake showed a similar inverse association (Q2: OR 1.03, 95% CI 0.74-1.44; Q3: OR 0.80, 95% CI 0.56-1.15; and Q4: OR 0.64, 95% CI 0.43-0.94; P for trend ¼ 0.013). Similar to calcium, no association between vitamin D intake among CIN3 was evident (P for trend ¼ 0.109). An inverse association with calcium was evident in women whose vitamin D intake was low. However, this combined effect was not significant (invasive carcinoma: interaction P ¼ 0.819; and CIN3: interaction P ¼ 0.101). Conclusion: We found an inverse association between dietary calcium and vitamin D intake and cervical neoplasia risk among a group of Japanese women.
Introduction
Evidence from many epidemiological and laboratory studies has identified human papillomavirus (HPV) as a primary causative agent for cervical cancer, which is the second most common cancer in women worldwide (Castellsague, 2008) . Nevertheless, the majority of women with HPV infection do not develop cervical cancer, and the involvement of other etiological factors, such as smoking, oral contraceptive use, gravidity or diet, has thus been suggested (Verreault et al., 1989; Nagata et al., 1999; Kjellberg et al., 2000; Yeo et al., 2000; Shannon et al., 2002; Hernandez et al., 2003; Shields et al., 2004; Garcia-Closas et al., 2005;  World Cancer Research Fund/American Institute for Cancer Research, 2007) . With regard to diet, however, data are presently too sparse to allow the drawing of any conclusions.
In several epidemiological studies, a high intake of calcium or vitamin D has been associated with a reduced risk of colorectal (Martinez et al., 1996) and breast cancer (Shin et al., 2002; McCullough et al., 2005) . Several possible mechanisms behind these protective effects have been hypothesized. For breast cancer, calcium has been proposed to reduce fat-induced cell proliferation by maintaining intracellular calcium concentrations (Jacobson et al., 1989; Carroll et al., 1991; Newmark, 1994; Lipkin and Newmark, 1999; Xue et al., 1999) . Vitamin D modulates calcium metabolism, inhibits cellular proliferation, induces differentiation and apoptosis and (Ziegler et al., 1991) inhibits angiogenesis in normal and malignant breast cells Xue et al., 1999; Shin et al., 2002; Cui and Rohan, 2006; Deeb et al., 2007) . With regard to cervical cancer, however, only a few epidemiological studies have sought to determine the association between calcium and vitamin D and cancer risk (Ziegler et al., 1990 (Ziegler et al., , 1991 Liu et al., 1993) .
In this study, we conducted a case-control study to examine the association between calcium and vitamin D and cervical neoplasia risk among Japanese women.
Materials and methods

Subjects
The subjects were 405 patients newly and histologically diagnosed with invasive cervical cancer or cervical intraepithelial neoplasia grade III (CIN3) between January 2001 and November 2005 at Aichi Cancer Center Hospital in Japan. The distribution of patients was 72 cases of CIN3 (17.8%) and 333 of invasive cervical cancer (82.2%). Distribution by histological subtype was 294 cases of squamous cell carcinomas (72.6%), 79 of adenocarcinomas (19.5%), 20 of other types (4.9%) and 12 unknown cases (3.0%). Controls (n ¼ 2025) were randomly selected from among 11 814 women who were diagnosed as cancer free and matched by age (±3 years) to cases with a 1:5 casecontrol ratio. All subjects were recruited in the framework of the hospital-based Epidemiologic Research Program at Aichi Cancer Center (HERPACC), as described elsewhere (Tajima et al., 2000; Hamajima et al., 2001) . In brief, information on lifestyle factors was collected using a self-administered questionnaire from all first-visit outpatients at Aichi Cancer Center Hospital aged 20-79 years who were enrolled in HERPACC between January 2001 and November 2005. Patients were also asked about their lifestyle when healthy or before the current symptoms developed. Information from the questionnaire was systematically checked by trained interviewers. Response rate during this period was 96.7% of eligible HERPACC subjects. Our previous study showed that the lifestyle pattern of first-visit outpatients accorded with those in a randomly selected sample of the general population of Nagoya City (Inoue et al., 1997) . The data were loaded into the HERPACC database and routinely linked with the hospital-based cancer registry system to update the data on cancer incidence. All participants gave written informed consent to participate, and the study was approved by the institutional ethics committee at Aichi Cancer Center.
Measurement of daily calcium and vitamin D intake
In the HERPACC study, all subjects were asked to complete a semiquantitative food-frequency questionnaire (FFQ). This questionnaire consisted of 47 single food items with frequencies in the eight categories of never or seldom, 1-3 times/month, 1-2 times/week, 3-4 times/week, 5-6 times/ week, once/day, twice/day and 3 þ times/day. We asked the subjects about their average frequency of intake during the year preceding the onset of the present disease or before the interview. Total intake of calcium and vitamin D were calculated by standard portion size, frequency and nutrients in foods as listed in the Standard Tables of Food Composition in Japan, fifth edition. The main contributors of calcium among Japanese are milk, yogurt, tofu, bone-edible small fish, potato, green leafy vegetables and light-colored vegetables, whereas those of vitamin D are fish and bone-edible small fish. Validity and reproducibility of the FFQ were acceptable (Tokudome et al., 2005; Imaeda et al., 2007) . De-attenuated, log-transformed and energy-adjusted Pearson's correlation coefficients for calcium and vitamin D were 0.59 and 0.40 for females (Tokudome et al., 2005) .
Assessment of other lifestyle factors
Cumulative smoking dose was evaluated as pack-years, the product of the number of packs consumed per day and years of smoking. Drinking habits were entered in the two categories of never and ever drinkers. The self-reported history of oral contraceptive use was evaluated in two categories (yes or no). Self-reported supplemental vitamin usage of more than 1 year's duration was categorized into two groups (yes or no).
Statistical analysis
To assess the effect of associations between calcium or vitamin D intake and the risk of cervical neoplasia, odd ratios (ORs) with 95% confidence intervals (CIs) were estimated using conditional logistic models adjusted for potential confounders. Subjects were classified into four groups according to quartile of calcium and vitamin D intake of all controls, as classified above. Among controls, median daily calcium and vitamin D intake were 502.6 mg and 247 international unit (IU), respectively. Potential confounders considered in the multivariate analyses were smoking habit (pack-years; p5, 5-20 or X20), drinking habit (never or ever), body mass index (o25 or X25 kg/m previous study; Hirose et al., 1999) , menstrual status (pre-or postmenopausal), age at menarche (p12, 13-14 or X15), gravidity (0, 1-2 or X3), history of oral contraceptive use (yes or no) and history of any vitamin supplement use (yes or no). Missing values for any covariate were treated as dummy variables. Interactions between vitamin D and calcium intake were assessed by logistic regression models, which included score for vitamin D (equal to or less than median, 0; and above median, 1), score for calcium in quartiles (0, 1, 2, 3) and their interaction terms. Subjects lacking information for vitamin D and calcium were excluded from the interaction analysis. Differences in categorized demographic variables between cases and controls were tested by the chi-squared test. Age, age at menarche, body mass index and gravidity between cases and controls were compared using the Mann-Whitney test. Stratification analysis was used to estimate risk for subgroups by smoking habit (never or ever), drinking habit (never or ever), histological subtype (squamous cell carcinoma or adenocarcinoma), and vitamin D consumption (p247 IU or 4247 IU; median among controls). P-values of o0.05 were considered statistically significant. All analyses were conducted using STATA version 10 (Stata Corp., College Station, TX, USA).
Results
Baseline characteristics of the 405 (333 invasive carcinomas and 72 CIN3) cervical neoplasia patients and 2025 controls are summarized in Table 1 . With regard to invasive carcinoma, no difference between the controls was observed for age, body mass index, menstrual status or age at menarche. Cases had significantly higher values for packyears and pregnancies, whereas no difference was observed for a history of contraceptive use. A history of any supplemental vitamin use was significantly common among cases. Drinking habit was more common in cases, although with only marginal statistical significance. Patients with CIN3 were younger than those with invasive carcinoma, and had a higher prevalence of contraceptive use. Table 2 shows the association of frequencies of eight foods containing calcium or vitamin D with cervical neoplasia. The inverse association between invasive carcinoma and milk, yogurt and fish was observed significantly. On the other hand, the marginally significant inverse association between CIN3 and tofu and green leafy vegetables was observed. Table 3 shows the association between daily calcium intake with cervical neoplasia and the results of stratified analysis according to potential confounders. For invasive carcinoma, the multivariate OR of the highest quartile group was 0.68 (95% CI 0.48-0.97), and trend analysis showed statistical significance (P for trend ¼ 0.004). In stratified analysis by smoking status, a decrease in OR was observed among never-smokers only. For drinking status, an inverse association with calcium intake was shown for never-drinkers only. Regarding histological subtype, an inverse association between calcium intake and cancer risk was observed for squamous cell carcinoma (P for trend ¼ 0.005) but not for adenocarcinoma. In contrast, this association was not observed among CIN3 cases. Table 4 shows the association between daily vitamin D intake and cervical neoplasia and the results of stratified analysis according to potential confounders. For invasive carcinoma, the multivariate OR of the highest quartile group was 0.64 (95% CI 0.43-0.95) and the trend was statistically significant (P for trend ¼ 0.013). On stratified analysis according to smoking status, a decreased risk was observed among never-smokers, similar to that for calcium analysis. By drinking status, an inverse association by vitamin D intake was observed for never-drinkers only. An inverse association between vitamin D intake and cancer risk was observed for squamous cell carcinoma (P for trend ¼ 0.008). Similar to the lack of association with calcium intake (P for trend ¼ 0.528), no association between vitamin D intake among CIN3 cases was apparent (P for trend ¼ 0.109).
The association between calcium intake and vitamin D is shown in Table 5 . Among subjects with a daily vitamin D intake at or below the median level, calcium intake was associated with a significant decrease in the risk of invasive cervical cancer (P for trend ¼ 0.007). In contrast, this association was less clear in subjects whose intake of vitamin D was above the median value (P for trend ¼ 0.690). This result was not clear for CIN3. No statistically significant interaction between calcium and vitamin D was observed in overall analysis (invasive carcinoma, interaction P ¼ 0.819; and CIN3, interaction P ¼ 0.101).
Discussion
In this study, we found that dietary calcium and vitamin D consumption were protective against invasive cervical carcinoma in Japanese women. With regard to CIN3, in contrast, a protective effect of calcium and vitamin D intake was not apparent. Protective effects for calcium and vitamin D intake were similar among women who had never smoked, never drunk or who had squamous cell carcinoma. The inverse association between calcium intake and invasive carcinoma was observed only among women with a vitamin D intake at or below daily median level. This combined effect was not statistically significant.
Data on the association between nutritional factors and cervical neoplasia risk are sparse and inconsistent (Liu et al., 1993; Goodman et al., 2000 Goodman et al., , 2007 Yeo et al., 2000; Shannon et al., 2002; Hernandez et al., 2003; Garcia-Closas et al., 2005; Goodman et al., 2007; World Cancer Research Fund/American Institute for Cancer Research, 2007; Ghosh et al., 2008) . Liu et al. (1993) found no association between calcium intake and cervical dysplasia, with a multivariate-adjusted OR for the highest to lowest level of intake of 0.9 (95% CI 0.4-2.1; trend P ¼ 0.58). Ziegler et al. (1990 Ziegler et al. ( , 1991 showed no association between dairy product intake and carcinoma in situ or invasive cervical cancer. Furthermore, to our knowledge, the association between vitamin D and cervical neoplasia has not been analyzed. This study is the first report to show an inverse association between vitamin D and cervical neoplasia. Thus, although evidence to date is markedly limited, our results might suggest that calcium and vitamin D may represent a target for further research on the carcinogenesis of cervical neoplasia. Although their biological mechanism in cancer cells remains poorly known, calcium has been recognized as a key component in the maintenance of proper cell structure and functions (Rasmussen, 1986; Friedman et al., 1989 Friedman et al., , 2005 Whitfield et al., 1995) . Similarly, several epidemiological studies have shown that vitamin D has various anticancer effects (Martinez et al., 1996; Shin et al., 2002; Cui and Rohan, 2006; Deeb et al., 2007) . Vitamin D is absorbed from diet or made in the skin by sun exposure. The absorption of vitamin D and calcium are influenced by smoking (Brot et al., 1999; Ilich et al., 2002) , heavy alcohol intake (Rapuri et al., 2000) and phytoestrogen (Arjmandi et al., 2002; Cross et al., 2006) . Therefore, the inverse associations in our study might be attenuated among (Holick, 2003; Reichrath, 2007) . In addition, Friedrich et al. (2002 Friedrich et al. ( , 2003 indicated that messenger RNA and protein Calcium, vitamin D and cervical neoplasia risk S Hosono et al Calcium, vitamin D and cervical neoplasia risk S Hosono et al (Heaney, 2008) . Although we did not examine serum vitamin D status, this mechanism could explain our results. In this study, dietary intake of vitamin D was relatively low. Considering the underestimate of nutritional intake, ethnic characteristics and sample size, we have to evaluate these associations.
As shown in Table 2 , tofu and green leafy vegetable were associated with cervical neoplasia risk marginally. They include other nutrients as well as calcium and vitamin D. Our results might suggest the possibility of other protective nutrients for cervical neoplasia.
Several potential limitations of our study warrant consideration. First, we had no valid information on HPV status. Although HPV infection is necessary but not sufficient to cause cervical cancer (Shannon et al., 2002) , it is transient in the majority of women, which hampers accurate evaluation at baseline examination only. Moreover, an association between HPV infection and diet seems implausible. To overcome this lack of information on HPV, our analysis adjusted for gravidity, smoking and oral contraceptive use instead of HPV status. Second, we were unable to accurately assess precise supplement use in this study. In one study, the prevalence of daily calcium and vitamin D supplement use among Japanese women was 3.3 and 2.2%, respectively (Imai et al., 2006) , and thus a lack of precise information on supplemental calcium and vitamin D intake might have affected our results. Third, although we used a validated FFQ to evaluate calcium and vitamin D intake (semiquantitative FFQ) (Tokudome et al., 2005; Imaeda et al., 2007) , underevaluation of intake may have occurred. Nevertheless, correlation coefficients for calcium and vitamin D were satisfactory, and sufficient to warrant the observed results. Finally, because the study was a hospital-based case-control study, the possibility of inadequate comparability between cases and controls was determined by whether the control population arose from the same source population as the cases. At Aichi Cancer Center Hospital, it is assumed that those who are diagnosed as not having cancer at a particular period of time will visit the hospital in the event that they do develop malignant disease. Our source of controls is therefore assumed to be appropriate for the drawing of causal inferences. As with other case-control studies, this study Calcium, vitamin D and cervical neoplasia risk S Hosono et al may have suffered from recall bias. Although the questionnaires were completed before diagnosis in our hospital, some case patients referred to the hospital might have known their diagnosis. Finally, our study had a modest sample size, and replication of the results in other studies is required.
In conclusion, our case-control study suggested that dietary calcium and vitamin D decrease the risk of cervical neoplasia among Japanese women. This protective effect of calcium and vitamin D was more evident among patients with invasive cancer cases, never-smokers and those with squamous cell carcinoma. However, an inverse association was less clear among patients with CIN3 and women who had a higher intake of vitamin D. Further investigation of these findings is warranted, possibly with the addition of precise measurement of HPV status and dietary supplement use.
